gitic tectonite, dunite, podiform chromitite, layered gabbro, sheeted dikes, and pillow lava are embedded in a strongly deformed metasedimentary and metavolcanic matrix. The blocks are traceable along strike into the relatively complete ca. 2.505 Ga Dongwanzi ophiolite. Textures in the ultramafic blocks provide a window into igneous and structural processes active in Archean suboceanic mantle. Chromitites in dunitic envelopes preserve igneous nodular, orbicular, antinodular, banded, massive, and disseminated textures. Dunite envelopes are common features of podiform chromitites, forming almost exclusively in the upper mantle or the crust-mantle transition zone of suprasubduction zone (harzburgite-type) ophiolites of younger geological ages. Nodular and orbicular chromite textures are known only from ophiolites and are interpreted to form during partial melting of flowing upper mantle, conditions needed to keep chromite suspended and growing concentrically into the magma. Minor orthopyroxene porphyroclasts with asymmetrical recrystallized tails and kink-banded olivine inclusions in chromite grains record plastic deformation and high-temperature shearing, before or during growth of the chromite. We attribute this deformation to flow in the Archean oceanic mantle. Later deformation is related to dismemberment of the ophiolite and incorporation into a mélange during collision of the Eastern and Western blocks of the North China craton. This collision formed the 1600-km-long ophiolite-rich Central Orogenic Figure 1 . Distribution of Archean cratons, areas underlain by Precambrian crust, and Phanerozoic crust and podiform chromite deposits (modified after Kusky and Polat, 1999) . Filled patterns show locations of major ophiolitic podiform chromite deposits in relation to crust and accretionary orogens of different ages. Squares-Archean; triangles-Proterozoic; circles-Phanerozoic. Zunhua podiform chromitites are associated with the 2.505 Ga Dongwanzi and related ophiolites of North China craton. 
INTRODUCTION
Ophiolites are remnants of oceanic lithosphere that have been tectonically emplaced onto continents. They provide valuable information on the nature of seafloor processes, global heat loss, and paleogeographic reconstructions of the continents through ancient times. The question of whether ophiolites are present in the earliest rock record (>2.0 Ga) is one of the most hotly debated scientific questions in early Earth history (Kusky and Polat, 1999; Karson, 2001) . This is largely because until recently, complete ophiolite sections consisting of (in descending stratigraphic order) pillow lava, sheeted dike complex, gabbro, cumulate ultramafics, and tectonized mantle, had not been documented in rocks older than 2 Ga (Kontinen, 1987) . The recently discovered 2.505 Ga Dongwanzi ophiolite of the North China craton (Kusky et al., 2001 ) is a complete ophiolite, but most original mantle textures and mineral parageneses are overprinted. In this paper, we report newly discovered podiform chromitites from Archean mantle harzburgite tectonite and dunite host rocks that are 60 km southwest of and related to the complete Dongwanzi ophiolite. Podiform chromitites with nodularand orbicular-textured chromite balls in a harzburgite tectonite matrix are known only from ophiolitic settings (Fig. 1) , and thus serve as a diagnostic marker of oceanic mantle, potentially as useful as the ophiolite suite itself for identifying fragments of ancient oceanic lithosphere and asthenosphere.
The 2.5 Ga Zunhua podiform chromitites have remarkably well preserved delicate magmatic and deformational textures that provide a glimpse into igneous and structural processes active in the suboceanic mantle in the Archean. These types of structures were known previously only from much younger oceanic mantle rocks and, thus, preserve a unique remnant of Archean oceanic mantle.
GEOLOGICAL SETTING
The North China craton is divided into two major blocks, the Western block and the Eastern block, separated by the Neoarchean Central Orogenic belt that extends across the craton (Fig. 2) . The Western block contains a thick platformal sedimentary cover (Ordos block) intruded by a narrow belt of 2.55-2.5 Ga arc plutons along its eastern margin. The Eastern block contains a variety of ca. 3.80-2.5 Ga gneissic rocks and greenstone belts locally overlain by 2.6-2.5 Ga sandstone and carbonate. The 700-kmlong Hengshan high-pressure granulite belt (2.5 Ga) is located along the western side of the Central Orogenic belt (Li et al., 2000a) . Isotopic ages available from the Central Orogenic belt mainly range between 2.58 and 2.50 Ga (Li et al., 2000a; Wu et al., 1998) . A younger age peak of 1.90-1.80 Ga is related to late tectonic extension (Li et al., 2000a) . Central parts of the Central Orogenic belt include a complex assemblage of ca. 2.55-2.5 Ga deformed metavolcanic, metaplutonic, banded iron formation and metasedimentary rocks, intruded by ca. 2.5-2.4 Ga granite. A belt of 2.5-2.4 Ga weakly metamorphosed flysch and molasse basins that extends along the eastern margin of the Central Orogenic belt (Fig. 2) is interpreted here as remnants of a foreland basin related to the collision of the Western and Eastern blocks. Rocks in this belt, colloquially named the Qinglong foreland basin, are now deformed in an east-vergent fold-thrust belt.
The Zunhua structural belt is a mainly amphibolite-facies terrane in the northern sector of the Central Orogenic belt, separated from an Archean granulite-gneiss dome (3.85-2.50 Ga) of the Eastern block by a major shear zone (Fig. 3) . The Zunhua structural belt contains mainly northeast striking, intensely strained gneiss. Various thrust slices, including tonalite-trondhjemite-granodiorite gneiss, mafic plutonic rocks, supracrustal sequences, and granites are tectonically intercalated with each other (Kusky et al., 2001; Wu et al., 1998) . More than 1000 ultramafic boudins have been recognized in the Zunhua structural belt, and these range from several meters to several kilometers in length (Figs. 3 and 4 ). These were intruded by ca. 2.56-2.5 Ga tonalitic gneiss, then 2.5-2.4 Ga granites (Wu et al., 1998) . Geochemical analyses reveal that mafic volcanics in the Zunhua structural belt have an oceanic affinity. They exhibit flat rare earth element to light rare earth element-depleted patterns that are similar to basalts from suprasubduction and mid-oceanic ridge settings (Wu et al., 1998; Zhao et al., 1993; Kusky and Li, 2002) .
A complete 2.505 Ga ophiolite has been described from the northeastern part of the Zunhua structural belt (Kusky et al., 2001) . The Dongwanzi ophiolite is in the same belt as the ultramafic blocks described in this contribution, and many blocks can be traced into the complex mélange zone along strike with the Dongwanzi ophiolite. The Dongwanzi Polished surfaces of hand specimens illustrating principal textures of flattened harzburgite core with outer rings of serpentinite. Early high-temperature mantle-tectonite foliations are preserved in cores of pods. C. Harzburgite showing orthopyroxene (OPX), chromite (CMT), and olivine (OL) crystals (field of view is 3.2 mm horizontally). D. Asymmetrical olivine porphyroclast with recrystallized tail (outlined in white) within harzburgite tectonite (field of view is 3.2 mm horizontally). E, F. Kink bands within relict olivine (OL) in serpentinized harzburgite (field of view is 3.2 mm horizontally in both photomicrographs). ophiolite may be interpreted as the largest block in the mélange that preserves preferentially the upper (crustal) part of the ophiolitic sequence. The blocks described here preserve deeper parts of the ophiolitic lithosphere than have so far been recognized in the Dongwanzi ophiolite.
Ophiolitic mélange in the Zunhua structural belt
Detailed field and petrographic analysis of mafic and ultramafic blocks in the southwestern Zunhua structural belt has revealed an assemblage of typical ophiolitic rock types. These include partly serpentinized harzburgite, peridotite tectonite, dunite, serpentinite, podiform chromitite, hornblendite, wehrlite, pyroxenite, metagabbro, cumulates and pillow lavas, massive metabasalt, and greenschist (Figs. 3 and 4) . Locally, well-preserved sheeted dikes, layered gabbro, and cumulates are recognized. All these units are intruded by ca. 2.5-2.4 Ga granite (Wu et al., 1998) , demonstrating their Archean ages. All the Archean units are overlain unconformably by ca. 1.85 Ga sedimentary cover.
Ultramafic and mafic pods and tectonic blocks are stretched and occur within a strongly deformed matrix of foliated and sheared, fine-grained biotitegneiss and hornblende-gneiss with some layers of amphibolite and banded iron formation (Figs. 3 and 5) . These blocks are intensely sheared and tectonically transposed along their margins. In contrast, internal structures of the blocks commonly show distinct foliation and fold patterns, discordant to the external foliations outside the blocks in the surrounding shear zones. Gabbro and pyroxenite boudins (Fig. 5 ) exhibit well-preserved relict cumulate textures and cyclic cumulate banding of clinopyroxene, olivine, and plagioclase. Within the cores of peridotite blocks and pods, metamorphic tectonite fabrics are well preserved as oriented orthopyroxene porphyroclasts, strings of chromite, and elongated ribbons of olivine (Fig. 6) . The early tectonic fabrics defined by compositional layering include chromite seams, disseminated chromite, oriented nodular chromite, and flattened antinodular chromite. In younger ophiolite complexes, these textures are generally interpreted to form during high-temperature (>1000 °C) plastic deformation in the mantle (Nicolas and Arzi, 1991; Holtzman, 2000) .
Late steeply dipping shear zones parallel to tectonic contacts with country rocks cut the early high-temperature-tectonite fabrics in the peridotite. Serpentinization is concentrated along late shear zones and fractures cutting across the earlier foliation. Within these shear zones, ultramafic protoliths are separated into numerous small-scale pods and lenses, which are further flattened and stretched. The late tectonic fabric and hydrous metamorphism that overprints the harzburgitic mantle tectonites probably occurred during obduction-related emplacement of the ophiolite in the Archean.
Ophiolitic crust and mantle blocks in mélange
Peridotites in the Zunhua structural belt are mainly composed of serpentinized olivine, relict orthopyroxene, chromite, and minor magnetite (Fig. 6A, 6B , and 6C). Stretched orthopyroxene grains enclosed in a serpentinite matrix with ribbon-shaped tails form augen up to 2-3 mm in diameter. Some orthopyroxene porphyroclasts preserve embayed outlines due to corrosion by melt. Minor subhedral to euhedral chromite is present. Some peridotite tectonites show penetrative foliations and stretching lineations. High-temperature metamorphic tectonite fabrics defined by aligned and stretched olivine are well preserved in cores of blocks (Fig. 6D) . Relict olivine forms extended ribbons with asymmetrical geometry. Augen of olivine exhibit deformational kink bands (Figs. 6E and 6F) . These fabrics are attributed to high-temperature flow in the mantle. Olivine crystals are commonly serpentinized, with magnetite distributed along the foliation planes.
Boudins and tectonic blocks of various types of gabbro and ultramafic cumulate within intensely sheared garnet-bearing gneiss range in size from a few centimeters to hundreds of meters. Rarely, pods of dunite are recognized within olivine gabbro (troctolite). These rocks are generally less deformed than the ultramafic rocks. Alternating pyroxene-rich and plagioclaserich modal and textural layering, 2-5 cm thick, locally preserve primary cumulate textures. The pyroxenite and olivine pyroxenite layers commonly transformed into foliated hornblendite along their margins as the gabbros underwent amphibolite-facies metamorphism.
Blocks of sheeted dikes, up to 100 m along strike, occur within the Zunhua structural belt (Fig. 4) . The chilled margins are recognized as 2-3-cm-thick boundaries defined by strong alignment of fine-grained hornblende. They have only one chilled margin, which is a consequence of repeated intrusions in the center of a single opening fissure. The width of individual half-dikes is generally tens of centimeters. The mineral assemblage is plag + cpx + hb, characteristic of upper amphibolite facies conditions. Spectacular pillow basalts are preserved locally in weakly deformed domains (Figs. 4 and 5E) . Pillows vary in size from tens of centimeters to one meter. Pillowed flows are interbedded with amygdular massive basalt. The pillow lavas are pervasively altered to albite and chlorite assemblages. Rarely, the pillows preserve dark cryptocrystalline margins, representing original glassy selvages. The shapes of pillows indicate younging toward the northwest. Layers of pillow breccia and volcanoclastic sediment are intercalated with the pillow basalt, and these units are metamorphosed to plagioclase-biotite schist and biotite schist. Some ultramafic lenses are intercalated with pillow lavas, indicative of large amounts of shearing (either on the seafloor or during emplacement).
At least six large and numerous smaller chromite-rich peridotite massifs are recognized within the southwestern Zunhua structural belt (Figs. 4 and 7) . The chromitites are commonly lens shaped within dunite envelopes and are concordant with the foliation of the enclosing intensely serpentinized harzburgite. Serpentinized pods and lenses show concentric rings with systematic variations in mineral composition and texture. Outer rings, commonly 2-10 cm thick, are composed of serpentine, whereas inner cores preserve dunite or massive harzburgite. Narrow, branching pyroxenite dikes (1-10 cm wide) are deformed within serpentinized harzburgite. The dikes are interpreted as channels of melt parental to oceanic basalt. Tectonic fabrics defined by folded chromite bands are well preserved in the cores of the serpentinized pods. Dunite envelopes are common features of podiform chromitites. They are known to form almost exclusively in the mantle or crust-mantle transition zone of suprasubduction zone (harzburgite type) ophiolites of different ages (Nicolas and Arzi, 1991; Zhou et al., 1996; Edwards et al., 2000) .
Most of the chromitites are strongly deformed by high-temperature plastic flow, although nodular, orbicular, banded, massive, antinodular, and disseminated chromitite textures (sensu Johnston, 1936) are all locally preserved, especially in discordant pods (Fig. 7) . Nodular textures consist of small balls of chromite in a dunite matrix (Fig. 8B , whereas orbicular chromites consist of thin rings of chromite surrounding rounded to flattened cores of dunite (Fig.  8A ). Nodular and orbicular chromites, with diameters of 2-10 mm and occasionally larger than 10 mm, are generally flattened into elliptical shapes, and some orbicules form flattened rings. Nodular and orbicular textures are the most typical magmatic structures of ophiolitic chromitites (Nicolas, 1989; Nicolas and Arzi, 1991) . Abundant deformed olivine occurs as inclusions in the chromite (Fig.  8E ), although they are widely altered into serpentine. Preliminary work on the crystallographic preferred orientations of olivine shows preferred slip on (010)[100] slip systems, which occurs at temperatures >1200 °C (Nicolas, 1989) . Orthopyroxene porphyroclasts show asymmetrical recrystallized tails indicating high-temperature shearing.
Nodules are locally sorted into layers by their sizes. The nodules and orbicules show patterns of flattening and mutual impression along their contacts with each other (Figs. 8A, 8B, and 8C), suggesting that they settled while in a melt. These features are interpreted to be a result of rapid deposition of chromite nodules while they were still plastic. The nodules and orbicules commonly exhibit stretching fabrics (lineation and foliation), interpreted to have formed soon after crystallization, while the interstitial olivine was still in liquid form. Some are also elongated by plastic strain and show a preferred orientation. Most nodules are oriented parallel to the foliation. The outer boundary of single nodules is typically smooth and rounded (Fig. 8B ). In contrast, the inner boundaries display individual chromite grains that grew inward (Fig. 8A ). These textures are interpreted to record dynamic magmatic flow or partial melting conditions, needed to keep chromite suspended and growing concentrically into the magma. The delicate magmatic structures preserved show that they have not been significantly deformed after their formation, and they preserve the primary interaction between Archean melts and the upper mantle.
In some cases, nodules grade into antinodules in the same hand specimen. They record magmatic growth and settling in the upper mantle (e.g., Zhou et al., 1996; Edwards et al., 2000) . Rounded inclusions of olivine, orthopyroxene, and other silicates occur within chromite grains (Fig. 8E) , and some inclusions of olivine show kink bands that record plastic deformation before or during growth of the chromite. A few fluid inclusions have also been observed within the silicate inclusions in chromite. These original magmatic structures are commonly destroyed with higher shear strain. For example, nodular and orbicular textures are strongly stretched and transposed into layering, folded bands, or antinodular chains. Compared with nodules, orbicules are more strongly stretched, their ratio of X/Z being up to 5:1 (Figs 7E and 8A). We attribute this deformation to mantle flow in the oceanic mantle, as suggested for similar structures in many younger ophiolites (e.g., Nicolas, 1989) .
Antinodular chromitites consist of flattened dunite aggregates with lengths of 2-10 mm surrounded by fine-grained chromite chains or flattened networks (Figs. 7, 8F, and 8H) . Flattened antinodular texture is typical of high-temperature plastic deformation in oceanic mantle, which is a result of straining of weaker Figure 9 . Model for the Late Archean tectonic evolution of the North China craton. An arc terrane built on the Western block at 2.55 Ga collides with the Eastern block at 2.5 Ga, forming an ophiolitic mélange with fragments of forearc and other ophiolites in an accretionary wedge during closure of the intervening ocean basin. The Central Orogenic belt overrides the passive margin of the Eastern block during attempted subduction of the margin of the Eastern block, forming the Qinglong foreland basin and foreland fold-thrust belt. Numerous 2.50-2.40 Ga granites intrude during and slightly after the collision. The partially subducted margin of the Eastern block rebounds isostatically and flexurally, causing the rapid uplift, extensional collapse, and exhumation of high-pressure granulites of the Hengshan belt at 2.5-2.4 Ga, along with the intrusion of an extensional mafic dikes swarm.
olivine inclusions in a rigid chromite-rich matrix. Alignment of needle-like chromite also indicates strong shearing. Layered and banded textures consist of anastomosing 2-4 cm thick bands and chains of chromite surrounding ovoids of olivine (Figs. 7F and 7H), which were generated by shearing of antinodular and nodular chromite layers, rather than by crystallization and accumulation. Tight folds are common in the banded chromitite. In a few places, narrow pyroxenite, dunite, and gabbroic dikes crosscut them. Some chromite layers occur as rootless folds or asymmetric lensoidal boudins, and other layers and lenses consist of nodules. Pullapart textures are common in the massive and layered chromitite deposits (Fig. 8G ). These form extensional veins perpendicular to the chromite layers, filled by serpentinized dunite. Nicolas (1989) and Holtzman (2000) show that such textures form only at temperatures >1000-1200 °C.
DISCUSSION AND CONCLUSIONS
We interpret the mafic and ultramafic blocks in the biotite gneiss matrix to represent a strongly dismembered ophiolite in a metasedimentary and metavolcanic matrix. Relationships are strongly reminiscent of younger ophiolitic mélange terranes, where blocks of ophiolite are preserved in a metasedimentary accretionary prism and/or trench complex (e.g., Kusky et al., 1997) . The Zunhua ophiolitic blocks in mélange do not preserve an overall younging direction, although a few of the blocks show younging directions toward the west. Similarly, the Dongwanzi ophiolite to the northeast preserves a westward-younging sequence.
These relationships suggest, although do not require, that the ophiolites were emplaced into the mélange during westward directed subduction, then thrust over the Eastern block during closure of the intervening ocean basin (Fig. 9 ). In this model the contemporaneous arc would be located to the west of the Zunhua structural belt. We interpret a narrow belt of deeply eroded and strongly metamorphosed 2.55-2.5 Ga arc-type tonalite-trondhjemite-granodiorite plutonic rocks and a greenstone belt in the Wutai-Hengshan-Taihang Mountains to the southwest to represent the remnants of this arc (Li et al., 2000b; Wilde et al., 1998) . The ca. 2.5-2.4 Ga Qinglong, Hutuo, and Dengfeng sedimentary sequences and other similar basinal deposits east of the Central Orogenic belt (Figs. 2 and 9) may represent the foreland basin sequence resulting from the collision of the east and west blocks. These basin sequences consist of lower turbidite and upper molasse sequences, with more intense thrusting and folding in the west adjacent to the Central Orogenic belt. The 2.5-2.4 Ga granitoids that intrude the base of the ophiolite and much of the Central Orogenic belt could represent collisional-to-postcollisional granites formed during crustal thickening during orogenesis. This model also explains the exhumation of ca. 2.5 Ga high-pressure granulites and retrograde eclogites in the Hengshan belt to the west (Li et al., 2000a) (Fig. 9) .
Harzburgite blocks in the mélange host podiform chromitites with dunite envelopes. The blocks grade up-section into wehrlite, pyroxenite, olivine gabbro (troctolite), and gabbro. Podiform chromitites are a normal component of ophiolites of different ages. They are located in the transition zone between layered gabbro and peridotite tectonite, and the lherzolite-harzburgite transition in ophiolites (Nicolas and Arzi, 1991) . Their geological occurrence is closely associated with oceanic spreading processes (Nicolas and Arzi, 1991) . Late Proterozoic podiform chromitites in ophiolites have been described in several areas, and Phanerozoic examples are numerous (Fig. 1) . The oldest relatively intact podiform chromitite previously recognized is that from the Jourma and Outokumpu ophiolite complexes (2 Ga), Finland (Kontinen, 1987; Vuollo et al., 1995) . The Zunhua chromite ores exhibit remarkable similarities to the podiform ores described from the examples mentioned above.
The Zunhua nodular and orbicular chromites are characteristic of alpinetype peridotites or ophiolitic chromite ores (Nicolas, 1989; Peters et al., 1991; Dilek et al., 2000) . It is now believed that this type of chromite accumulated below the transition between oceanic crust and mantle based on numerous investigations in ophiolites. The origin of the podiform chromitites is attributed to melt-rock reaction, or dynamic magmatism within melt channels in the upper oceanic mantle (Nicolas and Arzi, 1991; Zhou et al., 1996) . The presence of water in the melt is thought to be important for the formation of podiform chromite (e.g., Edwards et al., 2000) . Inclusions within chromites, olivine, and orthopyroxene of the host peridotites in the Zunhua structural belt record high-temperature plastic deformation. The flattening and elongation of chromite parallel to foliation and lineation are indicators of intensive high-temperature shear strain. These textures probably record the plastic flow of the upper mantle, now mainly preserved in the core of tectonic blocks. These early lineations defined by deformed magmatic inclusions and the elongation of ore zones are not parallel to later lineations related to the emplacement of the blocks along shear zones, supporting the idea that they represent early mantle-deformation-related fabrics. Podiform chromitites are remarkably resilient to later deformation and metamorphism since they are generated at high temperatures (1200-1300 °C) and become very rigid when cooled, thus resisting later shear. These asthenospheric chromite pods are miniature time capsules preserving extraordinary amounts of information about the Archean mantle that we have only begun to tap and understand.
Coupled with the presence of a full ophiolite sequence in the Dongwanzi complex, the documentation of the Zunhua chromitites provides evidence for the operation of seafloor spreading and plate tectonics during the Archean before 2.5 Ga. We prefer to ascribe a faster-to-moderate spreading rate to the formation of the Zunhua podiform chromitites, as podiform chromite is mainly associated with harzburgite-type ophiolites (Nicolas and Arzi, 1991) . Although the field and petrographic observations are consistent with the Neoarchean ophiolites of the Central Orogenic belt preserving relatively hot mantle features, we do not have evidence that this mantle record was any hotter than the present-day range of mantle temperatures. However, the hot Archean North China mantle is consistent with some of the higher heat production during the Archean being accommodated by faster creation of oceanic lithosphere from a slightly hotter oceanic asthenosphere. February 7, 2002; accepted April 30, 2002 . ■ Aksu et al., Figure 3 . Downcore plots of key proxy variables, explained in text. Core locations in Figure 1B . The water depth at each site is indicated (e.g., −630 m). Samples have been transposed into a time domain using radiocarbon dates tabulated in Aksu et al. (2002a) , and the oxygen-isotope and ash record in Core 20. Control points are marked by red * symbols along the age scale. Where red dots (sample positions) cluster, the accumulation rate was highest (e.g., deltaic strata at the base of Cores 11 and 9). Where red dots are missing for some variables, the species required for determinations were absent (e.g., Turborotalita quinqueloba before ca. 10 ka for Core 12). The mauve-colored band from ca. 10-6.5 ka coincides with sapropel deposition and significant changes in several proxy variables.
Manuscript received

CORRECTION
Persistent Holocene Outflow from the Black Sea to the Eastern Mediterranean Contradicts Noah's Flood Hypothesis GSA Today, v. 12, no. 5, p. 4-10 (May 2002) In final production, some graph axes and scale tick marks were inadvertently deleted from Figure 3 , "Downhole plots of key proxy variables." A corrected full-size, color figure can be found in the article posted at www.geosociety.org. Go to "Online Journals," then to "Archive." GSA Today regrets the error. In a 1998 Environmental Scan, the American Society of Association Executives reported on 14 trends affecting associations, all of which presently impact GSA. This month, we highlight one of those trends-"Revenue Sources: The need for new revenue will drive associations to become more innovative in seeking out new partners and nontraditional sources of income"-and share with you how GSA is responding.
2002
Rocky Mountain Section Meeting
In February's "Dialogue" you read about GSA's finances and how the Society must reduce the size of its operating budget. We're now on a diet, so to speak, and you may have already noticed some changes at headquarters. While lowering expenditures is an important first step toward improving our financial health, there is more to be done. We must also increase revenue.
The Current Picture
At present, publications produce approximately one-third of GSA's total revenue. Meetings and member dues account for another third. Investment income provides about one-fifth of the total, and the GSA Foundation, grants, and other miscellaneous sources make up the balance.
If we are to maintain GSA's profile as a major earth science society beyond the next decade, we must be prepared for changes in these revenue streams.
Consider publications, for example. GSA's journals are among the most highly cited in the geosciences; they are vibrant and doing well. At the same time, we know that the structure of the publications business is changing. GSA plans to change with it by participating in an aggregate of online society journals that offers increased convenience and research horsepower. (See "Dialogue," March 2002, for details on the aggregate.)
While we are confident moving ahead, we don't know how this change in the structure of our publications business will alter the revenue stream. We do know that we cannot assume the picture will remain the same. This can be said for all of GSA's major sources of revenue, as well as for their proportional relationships to one another.
On the plus side, GSA is one of only a few scientific societies presently growing in membership. In a recent address to the Council of Scientific Society Presidents, Sharon Mosher analyzed reasons for this; she concluded that a decline that was also affecting GSA ended in 1995-1996 as a result of planned changes to address the problem. These changes involved: revamping the approach to annual meetings (which had become stuffy and regionally focused) to address significant disciplinary, interdisciplinary, and global problems (Pardee and Topical sessions); making a special effort to encourage students to join and then stay as GSA members; and bringing a more global perspective to the Society when it comes to addressing key scientific issues (e.g., the recent GSA-GSL 2001 joint meeting on earth science systems).
The open-minded, innovative approach that has been applied to meetings must be taken to the Society as a whole: As our environment changes, we must be prepared to change with it on any and all fronts.
A New Entrepreneurial Spirit
It is our view that a new entrepreneurial spirit is required within GSA. We need to look ahead, think outside the box, and plan for the future.
Recognizing this, we have formed an ad hoc Long-Range Planning Committee to investigate ways of changing GSA and adding new revenue streams from a variety of sources to meet future needs. Possible new revenue streams include a much higher income from grants; marketing and selling services to industry, the community, and government that are based on the skill set of our headquarters staff; new classes of membership; and better utilization of our building.
We have asked this committee's members to prepare an interim report by this October and a final report by May 2003. We know that they would welcome all suggestions from you, our members. Please submit your thoughts to Ann Cairns, acairns@geosociety.org, at GSA headquarters. Thank you.
1.
Cordilleran Presenting an overview of all aspects of the field of environmental project management, this course includes indepth discussions of all federal and many state environmental laws and regulations and how they are applied to ensure regulatory compliance and protection of human health and the environment. The course will present the "science" of environmental management including applications of chemistry, biology, toxicology, and geology-hydrology. It will also cover pollution prevention, emergency preparedness, health and safety issues, regulatory permitting, risk assessments, sampling and monitoring protocols, remediation methods, professional liability and ethics, and project management skills. An optional exam will be offered on the afternoon of the second day for those interested in Registered Environmental Manager (REM) certification through the National Registry of Environmental Professionals (NREP). There is an additional fee for the exam that also includes one year's registration with NREP. Faculty: Raymond C. Geochemical data obtained as part of regulatory-driven hydrogeologic investigations are commonly too incomplete, of scant number, and of insufficient quality to use the kinds of geochemical approaches that are normally learned in university courses on acid-base and chemical-equilibrium geochemistry. This course will teach the "practical" essentials of contaminant geochemistry and how to effectively apply them in consulting (and, arguably, academic!) practice. Faculty: Donald I. Siegel, Dept. of Earth Sciences, Syracuse University; Ph.D., University of Minnesota.
GSA Election Starts July 30, 2002
The success of GSA depends on the work of the elected officers who serve on its Executive Committee and Council. Make your wishes for GSA known by voting.
In late July, you'll receive a postcard with instructions on how to access a secure Web site and your electronic ballot listing officer nominees for 2003 Many disciplines outside the earth sciences are building consensus and preparing comprehensive plans to design and implement informatics systems. Within the spatially based scientific communities, including earth sciences, ocean and atmosphere sciences, and the biodiversity field, there is rapidly growing and widespread appreciation of the need to collaborate on this mission. Scores of independent geoinformatics activities are under way in the earth sciences but with no overarching plan for coordination. We in the earth sciences community must assess our own needs, capabilities, and desires to join the informatics revolution.
The rationale for this is clear. With the advent of large-scale digital data gathering and conversion capabilities, we are becoming overwhelmed with data and must tackle the issues of management and dissemination of large and often disparate data sets. Managing and exploring data to create information is generally a task undertaken by information science or informatics efforts.
Informatics is the rapidly evolving field that promises not only to handle the huge databases generated by university consortia and state and federal agencies, but to serve the needs of small teams of investigators and individual scientists. Informatics integrates and applies information technologies with scientific and technical disciplines. It provides for distributed computing and enhanced numerical modeling, advanced visualization, statistical and mapping tools, and a system to archive data that would otherwise be lost to the greater community. The results of these informatics efforts are transforming areas of research with phenomenal new capabilities. For example, bioinformatics centers have been established around the world to maximize the benefits from information in the human genome and related databases. Many of these centers are funded up to the $100 million per year level (Stone, 2001 ). The draft report from a blue-ribbon National Science Foundation panel (see Additional Reading) calls for a $650 million per year program aimed at "revolutionizing the conduct of science and engineering through information technology and cyberinfrastructure."
Informatics also is integral to the creation and success of the second generation Web, sometimes referred to as the Semantic Web, where computers will understand the meaning of words and concepts and make the kinds of logical connections in searches that the human mind does.
In the private sector, informatics is implemented as "Web services," where businesses create applications they can use themselves or sell. These services allow integration of databases and software written in different languages by different vendors, running on different operating systems. Instead of many years of hand coding links among many business partners, companies find that Web services can create interactive accessibility over the Internet within months. Former Apple Computer president John Scully believes that in the next two decades, Web services "could be as important as personal computers have been during the last 20 years" (Moore, 2001) .
Geoinformatics applies the informatics concept to the vast quantities of scientific data that have geographic locations or spatial coordinates. For example, it's estimated that 85% of all federal government data have a geographic component. The National Spatial Data Infrastructure is an initiative managed by the Federal Geographic Data Committee to standardize spatially based data from throughout federal agencies and make them accessible online.
By necessity, a geoinformatics system will not gather data restricted to a single Web site, but will collect pertinent information from databases distributed around the world. The system will include: efficient information and data retrieval mechanisms; 3-D search engines that can also query based on time in the past; accessibility to and application of visualization, analysis, and modeling capabilities; online workspace, software, and tutorials; and integration with online scientific journal aggregates and digital libraries. In practical terms, such a system will provide the ability to gather data over the Web from a variety of distributed sources, regardless of computer operating systems, database formats, and servers. Seamless interoperability of databases promises quantum leaps in productivity not only for scientific researchers but also for many areas of society including business and government. Search engines will gather data about any geographic location, above, on, or below ground, covering any geologic time, and at any scale or detail. A distributed network of digital geolibraries can archive permanent copies of databases that are maintained by the data authors.
The geoinformatics system will generate results from widely distributed sources. In this way the system functions as a dynamic data network. Instead of posting specific tables, charts, or maps based on static databases, the dynamic system creates these products each time an inquiry is made, using the latest information in the appropriate databases. Thus, in the dynamic system, a map generated today may differ from one created yesterday and one to be created tomorrow, because the databases used to make it are constantly (and sometimes automatically) updated.
The next step, and the challenge for all of us in the earth science community, is to come to agreement on how we will participate in the geoinformatics revolution. M uch has happened since my first report to the Society (GSA Today, March 2002, p. 20-21) . The fellowship year did have a challenging beginning. My introduction to Capitol Hill was dominated by the terror attacks of September 11 on New York and Washington, which were followed by the anthrax evacuations of the Hart Senate Office Building and then cramped working conditions, as we squeezed into makeshift office space. Life on the Hill has settled down to a "new normal," and we are finally back home in Hart. Now it's the work itself that is challenging. The issues Congress is grappling with are both crucial and contentious. The public policy process is fascinating, although sometimes convoluted. There clearly is a need and a place for science in the formulation of national public policy, but more often than not, science turns out not to be the final deciding factor. I am very fortunate to be on the personal staff of Senator Joseph I. Lieberman. This democrat from Connecticut was a 2001 recipient of the Pick and Gavel Award, established by the Association of American State Geologists to recognize individuals who have made significant contributions to advancing or facilitating the role of the geosciences in the public policy arena. In this article, I describe some of the geoscience issues facing the nation's 107th Congress. As one of the first staffers into the Hart building on January 22, my feelings were probably not unlike those of archaeologists unearthing the ruins of Pompeii, also rapidly abandoned, but in 79 A.D. rather than 2001 A.D. A distant day seemed frozen in time as I walked through the building and the office suite. Coffee mugs sat where they were left on desks, messages from October waited to be collected from fax machines, while vital documents and works in progress that were so important months earlier lay neglected. Whenever necessary, the work of the U.S. Senate was reconstructed and completed elsewhere in temporary quarters. Government continued to function despite the efforts of terrorists. Among the hot geoscience-related policy debates of the 107th Congress are: evolution versus creationism in the schools, drilling for oil in the Arctic National Wildlife Refuge, and disposal of high-level nuclear waste beneath Yucca Mountain in Nevada. Other hot science and technology issues include: widespread deployment of broadband Internet services and incentives to help colleges and universities produce greater numbers of physical scientists and mathematicians. Naturally, defense and homeland security matters are ever present and include dealing with the potential of more advanced bio-terrorist attacks, aircraft and airport protection, fighting the war in Central Asia, highway bridge and tunnel security in the United States, and water supply protection. Space and time prevent me from detailing all of these issues, so I will make do with some general remarks. Members of Congress clearly strive to fulfill the wishes of their constituents. Nowhere is this more clearly demonstrated than in the two energy-related matters of (1) drilling for oil in Alaska, and (2) disposing of nuclear waste in Nevada. Both of these issues are complex, the debates are heated, and the results will be farreaching. The debates occur against a backdrop of national and international energy concerns. How can an energyhungry society meet its energy demands? How much dependence should there be on foreign oil from troubled regions? How do we balance the demand for energy with the desire and need to protect the environment?
The senators from Alaska are passionately in favor of drilling in the Arctic National Wildlife Refuge. Geologically speaking, the oil is there, and although the quantities are not clearly known, it is believed to be enough to reduce foreign need for a reasonable time. The technology to remove it with minimal impact exists. Notably, it would bring jobs and revenue to the people of Alaska. On the other hand, many folks have strong visceral feelings that a wildlife refuge should simply not be tampered with, especially when other sources of energy are available, and we have not yet done enough in the way of energy management and conservation. Senator Lieberman is among those and has even vowed to filibuster on the Senate floor if necessary to block the drilling in Alaska. With regard to nuclear energy, the senators from Nevada are vehemently opposed to the disposal of high-level nuclear waste from all across the United States beneath Yucca Mountain. Their concern is the safety of the citizens of their state. There still remain some unanswered geologic questions. How much heat will the waste generate? How will the heat affect rock and water chemistry? Are the groundwater flow patterns clearly understood? Must we rely only on geologic containment or can we supplement that with engineered containment? And, there are concerns about safely transporting the waste across the country to the facility. These are only some of the many thorny issues. Clearly, simple solutions to today's energy concerns are not easy to find. Having been involved in the debate over disposal sites in crystalline rock in the east in the 1980s, and having watched the debate for disposal sites in the salt deposits of the Gulf Coast areas with interest, I recognize that we are running out of time. Storage space at some power plants will soon be filled, and the safety and security of so many temporary storage facilities across the country is questionable. The brief discussions here do not begin to do justice to these difficult matters. By the time this article is published, the congressional votes will have been made and the die will be cast on some of the crucial energy issues facing this country. But this discussion does, at least, provide a sense of the day-to-day complexities of geology from the Hill. Next time: the daily work of a congressional science fellow. 
Fulbright Scholar Grants Offered
The Fulbright Scholar Program is offering nine lecturing, research, and lecturing-research awards in geology for the [2003] [2004] academic year. Awards for both faculty and professionals range from two months to an academic year.
While many awards specify project and host institution, there are a number of open "any field" awards that allow candidates to propose their own project and determine their host institution affiliation. Foreign language skills are needed in some countries, but most Fulbright lecturing assignments are in English.
Application deadline 
National Academy of Sciences Call for Nominations
The National Academy of Sciences is accepting nominations for the Mary Clark Thompson Medal, a $15,000 prize given every three years to recognize important service to geology and paleontology. There are no age or nationality restrictions.
Nominations will be accepted through Geologists have a fondness for processes that proceed at measurable rates, and for extrapolating these to reveal their historical influence on our planet. It's only recently that we've treated accretion as one of these processes, and our increased awareness of the sometimes not-so-gentle rain of extraterrestrial material encountering Earth has been of great benefit. Large impact events, once lionized by mainstream geologists as baneful and improbable catastrophes, are now used as powerful stratigraphic tools. Smaller objects (meteorites) that survive an encounter with our planet have become our most important source of information on the materials that make up the solar system and its earliest history. And even smaller objects, some nanometers across, may influence the composition and climate of our planet in dramatic ways. In their book, PeuckerEhrenbrink and Schmitz have done a good job of portraying the importance and constant influence of ongoing accretion, with various authors covering topics that range across nearly 50 orders of magnitude of mass and distance.
In broad terms, the 22 chapters cover delivery mechanisms for dust from various solar-system sources; interactions of dustsized particles with Earth; their effect on atmospheric and sediment chemistry, and their possible effect on climate; the recovery and recognition of accreted materials and their use in determining influx rates; and the longer term record of accretion found within terrestrial and lunar deposits. Speaking as someone who works on a few disparate parts of this incredible spectrum, I can say this book serves a wonderful purpose; it brings together topics that are all clearly related yet rarely discussed in a unified manner.
The book is not without its flaws, most of which I will attribute to the editors' desire to be inclusive. A few of the chapters focus on pet theories, obviously dear to the authors but less obviously embraced by the larger planetary community. Experienced readers will recognize these; hopefully, novices will not be misled. Some confusion also comes from a general lack of uniformity among the chapters; various authors use different baseline references as starting points, which leads to a few apparent (but not fatal) conflicts between interpretations. There are also a fair number of obvious proofreading mistakes, such as incomplete sentences and misspellings. But all in all, this is an exceptionally useful book, gathering together topics that have too often been treated in isolation.
Ralph 
Positions Open
WASHINGTON AND LEE UNIVERSITY Tenure track position starting fall 2003. The Geology Department at Washington and Lee University seeks applicants in any specialty complementing our current faculty, with teaching interests in Sed/Strat and Historical Geology. W&L is a nationally ranked, highly selective liberal arts college. Our department (geology.wlu.edu) is a member of the Keck Geology Consortium and is ideally situated for field studies in the Valley and Ridge of southwestern Virginia. We seek a colleague who is dedicated to diverse teaching approaches, interested in making the most of our field setting, committed to collaborative undergraduate research, and enthusiastic about teaching intensive major/non-major field geology courses during spring term. A resume, statements of teaching interests/experience and research interests, and 3 letters of reference should be sent by Sept. 1, 2002 to David Harbor (harbord@wlu.edu), Geology Department, Washington and Lee University, Lexington, VA 24450. We encourage women and minority candidates to apply.
STATE GEOLOGIST OF ALABAMA
The President of The University of Alabama, the appointing authority, invites nominations and applications for the position of State Geologist of Alabama. In addition to proven administrative ability, candidates should have an educational background in geology or closely related earth science disciplines and substantial experience in some phase of geology and petroleum exploration and/or production. Because the Geological Survey of Alabama has a significant research emphasis, preference will be given to candidates with a Ph.D. in geology or a closely related earth science discipline.
The State Geologist is Director of the Geological Survey and also serves as State Oil and Gas Supervisor and Secretary of the State Oil and Gas Board. The total current combined budget is approximately $6 million with a staff of 86.
The salary is negotiable. Nominations and letters of application (including resumes) should be sent before August 1, 2002 The Geological Survey/State Oil and Gas Board of Alabama is an Affirmative Action/Equal Opportunity Employer.
TECTONIC GEODESY UNIVERSITY OF CALIFORNIA AT SANTA BARBARA
The Department of Geological Sciences at the University of California at Santa Barbara invites applications for a tenure-track position at the assistant professor level in Tectonic Geodesy for an appointment to begin July 1, 2003. We seek a broadly trained geoscientist who utilizes geodesy (primarily GPS and interferometry) for creative research in the fields of quantitative crustal deformation, plate tectonics, and/or surface processes. Individuals with additional expertise in numerical modeling or field geology are especially encouraged to apply. The successful applicant should complement departmental strengths in structural geology, tectonics, seismology, and surface processes. The appointee to this position will teach both undergraduate and graduate courses and is expected to maintain a vigorous, externally funded research program.
A Ph.D. is required at the time of appointment. The deadline for applications is September 1, 2002. Applicants should submit a letter of application, curriculum vita, and description of teaching and research objectives and accomplishments. Applicants should request that three referees send letters of evaluation directly to the search committee by the September deadline. Applicants should also provide the names, e-mail addresses, and contact information of those referees. All materials should be sent to: Geodesy Search Committee, Department of Geological Sciences, University of California, Santa Barbara, CA 93106-9630.
UCSB is an Equal Opportunity/Affirmative Action employer. 
ENVIRONMENTAL GEOLOGIST, LANDER UNIVERSITY
Opportunities for Students
Attention students! Looking for a job or an internship? Then join us in Houston for the 5th Annual National AAPG/SEG Student Expo on October 20-21, 2002! The Expo is a great opportunity for students to meet with representatives from oil and gas and environmental companies, some of which recruit only at the Expo. Students will have the chance to showcase their research in a poster session and network with potential employers. Successful job searches result from the Expo every year. And use this occasion to explore Houston, a vibrant city, an oil capital, and home to the largest geoscientist population in the world! Contact Kerri Donathan at AAPG for more information (donathan@aapg.org).
